Background Given its high recurrence risk, guidelines recommend systemic therapy for most patients with earlystage triple-negative breast cancer (TNBC). While some clinicopathologic factors and tumor-infiltrating lymphocytes (TILs) are known to be prognostic in patients receiving chemotherapy, their prognostic implications in systemically untreated patients remain unknown. Methods From a cohort of 9982 women with surgically treated non-metastatic breast cancer, all patients with clinically reported ER-negative/borderline (B10%) disease were selected for central assessment of ER/PR/HER2, histopathology, Ki-67, and TILs. The impact of these parameters on invasive disease-free survival (IDFS) and overall survival (OS) was assessed using Cox proportional hazards models. Results Six hundred five patients met the criteria for TNBC (ER/PR \ 1% and HER2 negative). Most were T1-2 (95%), N0-1 (86%), grade 3 (88%), and had a Ki-67[15% (75%). Histologically, 70% were invasive carcinoma of no special type, 16% medullary, 8% metaplastic, and 6% apocrine. The median stromal TIL content was 20%. Four hundred twentythree (70%) patients received adjuvant chemotherapy. Median OS follow-up was 10.6 years. On multivariate analysis, only higher nodal stage, lower TILs, and the absence of adjuvant chemotherapy were associated with worse IDFS and OS. Among systemically untreated patients (n = 182), the 5-year IDFS was 69.9% (95% CI 60.7-80.5) [T1a: 82.5% (95% CI 62.8-100), T1b: 67.5% (95% CI 51.9-87.8) and T1c: 67.3% (95% CI 54.9-82.6)], compared to 77.8% (95% CI 68.3-83.6) for systemically treated T1N0. Nodal stage and TILs remained strongly associated with outcomes. Conclusions In early-stage TNBC, nodal involvement, TILs, and receipt of adjuvant chemotherapy were independently associated with IDFS and OS. In systemically untreated TNBC, TILs remained prognostic and the risk of recurrence or death was substantial, even for T1N0 disease.
Introduction
Triple-negative breast cancer (TNBC) accounts for 15-20% of all cases of breast cancer (BC) [1] and is characterized by earlier relapse and worse survival compared to non-TNBC subtypes [2] . While endocrine and targeted therapies have transformed the landscape of hormone receptor-and HER2-positive BC, cytotoxic chemotherapy remains the mainstay of treatment for TNBC. Efforts to better understand the heterogeneity within TNBC have resulted in the identification of distinct molecular subtypes [3] [4] [5] , but to date these data have not changed the clinical management of early-stage TNBC.
Beyond hormone receptor and HER2, clinicopathological features such as TNM stage, grade, Ki-67, and histological subtype are often used to risk-stratify newly diagnosed BC. However, in TNBC, it remains unknown if these features provide independent prognostic information when analyzed in the context of TIL density and the presence or absence of systemic chemotherapy. Given the high recurrence and mortality risk, guidelines recommend the consideration of adjuvant or neoadjuvant chemotherapy for nearly all patients with non-metastatic TNBC [6] . As such, contemporary studies have only evaluated clinicopathological features in patients exposed to cytotoxics. The presence of high TILs, a surrogate for adaptive immune activation, is prognostic in early-stage TNBC treated with chemotherapy, being associated with higher rates of pathologic complete response in the neoadjuvant setting [7] [8] [9] [10] [11] and improved disease-free (DFS) and overall survival (OS) [12] [13] [14] [15] in the adjuvant setting. However, the prognostic effect of TILs independent of systemic chemotherapy is unknown.
In this study, we sought to better understand the prognostic value of classic clinicopathological features and TILs in early-stage TNBC in the presence and absence of chemotherapy. To this end, we assembled a large cohort of surgically treated Mayo Clinic TNBC patients with longterm follow-up. Given that the definition of TNBC has evolved over time [16] [17] [18] [19] , we performed central pathology review of ER, PR, and HER2 status, in an effort to ensure that the cohort was representative of TNBC by modern definitions (ER/PR \ 1%, HER2-negative by current guidelines [19] ). We subsequently assessed the histologic subtype, grade, Ki-67, and TILs and evaluated their impact on the outcomes of the cohort and in a subset of systemically untreated TNBC patients. To ensure reproducibility of TIL assessment, we followed the recommendations proposed by the 2014 International TILs Working Group [20] .
Methods

Study population
We used the Mayo Clinic, Rochester, MN database to identify patients who underwent surgery for stage I-III BC between January 1, 1985 and December 31, 2012, and who were clinically HER2 negative or unknown and did not receive anti-HER2 therapy. We excluded patients with prior cancer, bilateral BC, metastatic disease within 60 days of surgery, non-invasive or benign breast disease only, receipt of adjuvant endocrine therapy, known ER [ 10% or ER-negative or unknown who received any neoadjuvant therapy.
Pathologic assessment
For eligible patients, tissue sections from formalin-fixed, paraffin-embedded (FFPE) tumor blocks were obtained and centrally evaluated for ER, PR, and HER2 at the Pathology Research Core (Mayo Clinic, Rochester, MN). ER and PR immunoreactivity were assessed using clones 1D5 and PgR363, respectively (Dako, Carpinteria, CA), with staining C1% considered positive. HER2 immunoreactivity was assessed using the HercepTest Kit (Dako, Carpinteria, CA), reflexed to fluorescence in situ hybridization (FISH, for IHC 2? cases only), and categorized according to current ASCO/CAP guidelines [19] .
For centrally confirmed TNBC tumors, we assessed the Ki-67 labeling index (MIB-1 monoclonal antibody, Dako, Carpinteria, CA, 1:400) and abstracted clinical data. A dedicated breast pathologist (DWV) blinded to clinical information classified histology into four groups (Table 1) and quantified TILs on full-face hematoxylin and eosin (H&E) sections from the surgical specimen. Stromal TILs were evaluated following the TILs Working Group recommendations [20] , by counting all mononuclear cells in the stromal compartment within the borders of the invasive tumor and reported as a percentage value. Intratumoral TILs were also quantified and reported as a percentage value. Lymphocyte-predominant breast cancer (LPBC) was defined as having [50% stromal or intratumoral TILs [12, 15] .
Statistical analysis
IDFS and OS were defined as per the STEEP classification [21] . Patients who were event-free at the last date of disease evaluation were censored for IDFS. If death occurred [365 days after the last disease evaluation where the patient was found to be recurrence-free, IDFS was censored on the last date of disease evaluation. The KaplanMeier method was used to estimate the distributions of IDFS and OS. The log-rank test was used to compare survival distributions among groups. Univariate Cox proportional hazards models were fit to assess the association between each baseline variable and clinical outcomes. Multivariate Cox proportional hazards models were fit to assess the association of each baseline covariate with 
Results
Study population
A total of 9982 women underwent surgery at Mayo Clinic, Rochester, MN for clinically HER2-negative or unknown BC between January 1, 1985 and December 31, 2012. Of these, 8826 were excluded after medical record review (Fig. 1 ). Of the remaining 1156 patients, FFPE tumor blocks were available in 1016. Tissue sections were centrally assessed for ER, PR, and HER2. After central review, 615 met the criteria for TNBC and were eligible for subsequent clinical data abstraction and evaluation of histology, Ki-67, and TILs. Ten patients with adenoid cystic carcinoma of the breast were excluded, leaving a total of 605 patients in the cohort.
Patient characteristics of the entire cohort
Characteristics of the study population are shown in Table 1 . The median age was 56.3 years (range 26.9-93.7). Most were T1-2 (95%) and N0-1 stage (86%), grade 3 (88%), and had a Ki-67 [15% (75%). Histologically, most tumors were invasive carcinoma of NST (70%), but there were a substantial number of other subtypes as shown in Table 1 . The median stromal TIL content was 20% (range 0-90%), with the highest levels observed in carcinomas with medullary features (median 50%, range 0-90%). The median intratumoral TIL content was 3% (range 0-60%). Stromal and intratumoral TILs were moderately correlated (Spearman correlation coefficient = 0.6448). The breakdown of TIL content per 10% increments is shown in Table 1 . Twenty-seven percent had TIL levels consistent with LPBC ([50% intratumoral or stromal TILs). Table 1 .
The median follow-up was 7.4 years (95% CI 6.1-8.5) for IDFS and 10.6 years (95% CI 9.7-11.7) for OS. The 5-year IDFS and OS were 66.8% (95% CI 62.5-71.4) and 77.3% (95% CI 73.8-80.9), respectively.
Prognostic factors in the entire cohort
Univariate analysis showed that postmenopausal status, tumor size ([5 cm), nodal stage, lower TILs, and the absence of adjuvant chemotherapy were significantly associated with worse IDFS (Table 2 ; Fig. 2 ) and OS (eTable 1; eFig. 1). In contrast, the histologic subtype carcinoma with medullary features was associated with improved IDFS (Table 2 ) and OS (eTable 1; eFig. 2). Regarding TILs, both stromal and intratumoral TILs were significantly associated with IDFS and OS. Furthermore, patients with LPBC had nearly half the risk of an IDFS (HR 0.55; 95% CI 0.39-0.78, p \ 0.001, Table 2 Carcinomas with apocrine differentiation were generally of lower grade (grade 3: 29.7%), had lower Ki-67 (Ki-67 B 15%: 73%), and occurred in older patients (median age 69.1) compared to invasive carcinoma of NST. While IDFS and OS were similar when comparing the apocrine to the other histologic groups, bone metastases were numerically more frequent (54.6%, eTable 2) and IDFS events appeared to occur later in carcinomas with apocrine differentiation (eFig. 2).
In a multivariate analysis including stromal TILs as a continuous variable, nodal involvement, lower stromal TILs, and the absence of adjuvant chemotherapy remained associated with worse IDFS and OS (Table 2, eTable 1). In a separate multivariate model, substitution of intratumoral TILs (instead of stromal TILS) resulted in similar findings (eTable 3).
Patient characteristics of the systemically untreated cohort
One hundred eighty-two patients did not receive adjuvant chemotherapy. Baseline characteristics of this subset are listed in Table 1 . These patients tended to be older (median age: 64), with smaller (T1: 68%) and node-negative (N0: 82%) tumors, while TIL levels and other clinicopathological factors were similar.
The median follow-up for IDFS and OS were 8.5 years (95% CI 6.0-10.9) and 15.0 years (95% CI 12.4-19.3), respectively. The 5-year IDFS and OS were 59.8% (95% CI 52.2-68.6) and 72.5% (95% CI 66.1-79.5), respectively. 
Prognostic factors in the systemically untreated cohort
Univariate analysis showed that postmenopausal status, larger tumor size (CT2 vs. T1), nodal involvement (CN1 vs. N0), and lower stromal TILs were significantly associated with worse IDFS and OS, while lower intratumoral TILs were associated with worse IDFS but not with OS ( Fig. 2 ; eTable 4; eFig. 3). Systemically untreated LPBC had half the risk of an IDFS event (HR 0.47; 95% CI 0.24-0.90, p = 0.020, eTable 4) compared to systemically untreated non-LPBC. Younger age and carcinoma with medullary features were associated with better OS, but not with IDFS. Given that most systemically untreated patients were node negative, we assessed the effect of tumor size on 5-year IDFS rates. Among systemically untreated T1N0, the 5-year IDFS estimates by T1 sub-stage were T1a: 82.5% (95% CI 62.8-100), T1b: 67.5% (95% CI 51.9-87.8), and T1c: 67.3% (95% CI 54.9-82.6). Furthermore, the 5-year IDFS was 69.9% (95% CI 60.7-80.5) for systemically untreated T1N0 (n = 111) compared with 77.8% (95% CI 68.3-83.6) for systemically treated T1N0 (n = 81).
In an exploratory analysis (Fig. 3) , we compared the IDFS of systemically treated and untreated patients according to TIL levels using the median TIL cut-off (low: \20% vs. high: C20%). While IDFS rates in systemically treated patients were higher regardless of TIL levels, the HR was smaller in systemically treated patients with high TILs ( 
Discussion
In this cohort study of over 600 patients with early-stage TNBC, we have thoroughly analyzed a series of readily accessible and centrally reviewed clinicopathological features and their relationship with long-term outcomes, both in the presence and absence of adjuvant chemotherapy. Our study is unique in that, as to our knowledge, it is the first study to evaluate the prognostic value of TILs in TNBC patients who did not receive adjuvant chemotherapy. Importantly, while this is a retrospective study, we generated these data by re-staining all archived specimens in a centralized pathology review setting, used current guidelines to assign ER, PR, and HER2 status [18, 19] , and followed the current International Working Group recommendations for TIL assessment in BC [20] .
When evaluating the entire cohort, we found that TILs, nodal stage, and administration of adjuvant chemotherapy were the only independent factors associated with prognosis on multivariate analysis. The median TIL content of our cohort and the magnitude of the prognostic effect with increasing TIL levels are consistent with other studies assessing TILs in early-stage TNBC [12] [13] [14] [15] .
It has been hypothesized that the association of high TILs with improved outcomes in the setting of chemotherapy may be related to the ability of chemotherapy to enhance immune responses. This putative effect may occur via the release of antigens due to tumor cell death, generation of neoantigens due to somatic mutations induced by chemotherapy, and favorable modification of the microenvironment through depletion of immunosuppressive cells, among other mechanisms [22] . However, when focusing on patients not exposed to adjuvant chemotherapy, we found that both stromal and intratumoral TILs were associated with IDFS, and stromal TILs were also associated with OS. While the literature and our exploratory analysis suggest that patients with higher TIL levels appear to derive a larger benefit from adjuvant chemotherapy, our data suggest that high TILs may represent the activation of an endogenous antitumor immune response that is present even in the absence of immune enhancements triggered by chemotherapy.
Histology did not independently influence IDFS or OS in our cohort. While carcinomas with medullary features (classically described to have a better prognosis [23] ) were associated with better outcomes compared to invasive carcinomas of NST on univariate analysis, this association was lost once TILs were included in a multivariate model. Metaplastic carcinomas of NST (classically described to be associated with chemoresistance [24] and worse outcomes [25] [26] [27] ) had similar IDFS and OS compared to invasive carcinomas of NST. Interestingly, and as noted in other series [28, 29] , carcinomas with apocrine differentiation (known to nearly universally express the androgen receptor) had features that seemed to mirror luminal BC, including lower Ki-67, older age, higher rates of bone metastases, and later IDFS events.
Randomized clinical trials have demonstrated the benefit of polychemotherapy for TNBC [30] . In this cohort, receipt of adjuvant chemotherapy was associated with improved IDFS and OS, with the greatest benefit observed in patients receiving both anthracycline-and taxane-based chemotherapy. In contrast, the risk of recurrence in systemically untreated patients was substantial, even in those with T1N0 disease. These data support the modern-day practice of prioritizing biology over anatomy when making adjuvant therapy decisions.
Limitations and strengths
This study is limited by the constraints of a retrospective and single-center analysis. Patients in this cohort were treated across the span of nearly three decades, a period during which major changes in standard of care were introduced. Despite these limitations, our study represents the first thorough evaluation of the prognostic impact of TILs and other tumor features on the outcomes of TNBC patients in the presence and absence of chemotherapy. In the modern era, a prospective study of early-stage TNBC without the inclusion of chemotherapy would be unethical and not feasible. As such, exploration in existing patient cohorts is a necessary first step.
Conclusions
We have demonstrated that TILs and nodal burden are the only independent prognostic factors in early-stage TNBC treated with upfront surgery, and our data suggest that TILs may exert a prognostic effect regardless of receipt of adjuvant chemotherapy. Further dissection of the tumor microenvironment and the effect of TIL subpopulations on prognosis in both systemically treated and untreated patients will likely aid the generation of hypotheses for therapeutic opportunities in this highly aggressive subtype of BC. In addition, our data suggest that histology, grade, and Ki-67, while prognostic in other BC subtypes, do not modify prognosis and should not be used in treatment decision-making in TNBC. Finally, patients with T1 nodenegative disease exhibit a substantial risk of recurrence and should be considered for systemic chemotherapy.
